Background. The population in the UK is growing older and the number of elderly patients cared for on intensive care units (ICU) is increasing. This study was designed to identify risk factors for mortality in critically ill patients of .80 yr of age after surgery.
The population in the UK is growing older. In 1951, those aged 85 yr and more constituted only 1.6% of the population, in 2003 this had risen to 5.5%, and by 2031 it is predicted to grow to 7.9%.
1 This ageing population is consuming increasing amounts of healthcare resources, with the number of elderly patients admitted to intensive care (ICU) growing progressively. 2 In the USA, more than half of all intensive care days are incurred by patients older than 65 yr of age. 3 Recent attempts at healthcare cost containment have fuelled discussions on rationing, using age as a discriminator. 4 Whether or not rationing based on age becomes explicit, age is already having a negative impact on the decision to admit to ICU. 5 -7 Justification for this is based on the physiological decline and the increase in co-morbidities seen with age. The incorrect assumption from these observations is that the chances of survival from a serious illness in the elderly are unlikely: outcome studies examining this suggest that age is not a good predictor of outcome on ICU. 8 -11 In this study, we sought to identify other factors taken from the first 48 h on ICU which would predict length of stay and mortality in the very elderly.
UK between April 1, 1998 and March 2003. The Royal United Hospital serves a population of 550 000 people and has an 11-bedded ICU. The ICU admits levels 2 and 3 patients (level 2 patients require close observation or support for a single failing organ system and include those stepping down from level 3; level 3 patients require advanced respiratory support or basic respiratory support plus support for two other organ systems). 12 All patients admitted to the ICU had their variables entered into a clinical database from which data were incorporated into the national case mix programme database coordinated by the Intensive Care National Audit and Research Centre. The target population for this study was patients more than 80 yr of age admitted to the ICU after a surgical procedure. Written consent and formal ethics committee approval were required as suggested by the chair of the committee.
We identified all patients aged 80 yr or more, who had been admitted to the ICU after a recent surgical procedure. The following data were then recorded for each patient: age, gender, nature of surgical procedure, urgency of surgery, Acute Physiology and Chronic Health Evaluation 2 (APACHE II) score, requirement for ventilation or i.v. vasoactive drugs in the first 24 h, and in the second 24 h on the ICU, survival status at ICU, and hospital discharge. The database was carefully reviewed and, where necessary, supplemental data were extracted from an operating theatre database and patients' paper records. For this study, patients undergoing elective or scheduled operations, as defined by the National Confidential Enquiry into Perioperative Deaths, were categorized as elective and those undergoing urgent or emergency operations were categorized as emergency.
Patients were recorded as 'receiving i.v. vasoactive drugs in their first and second 24 h period' if they received any vasoactive drug [defined as inotropes (e.g. dobutamine) or vasopressors (e.g. noradrenaline)] by infusion at any point during their first or second 24 h, respectively. Patients were recorded as 'receiving ventilation in their first and second 24 h period', if they received any intermittent positive pressure ventilation (including mandatory or assisted modes) via a tracheal tube or trachoestomy at any point during their first or second 24 h, respectively. Patients readmitted to the ICU had only their first admission data used for the APACHE II score and their admissions amalgamated for length of stay and survival. Patients who stayed on the ICU for less than 0.2 days and who did not generate an APACHE II score were not included.
The primary outcome of the study was hospital mortality; secondary outcomes included ICU mortality and lengths of stay for hospital and ICU. ICU mortality was defined as survival of a patient at ultimate discharge from the ICU and hospital mortality was defined as survival at discharge or transfer from our hospital.
All data were analysed using Stata Statistical software (version 9.1, # Statacorp). Continuous data were summarized using mean (SD) and medians (IQR). Univariable analysis using logistic regression was used to identify statistically significant prognostic covariates associated with hospital mortality and ICU length of stay (length of stay was divided above and below 3 days and the analysis conducted only on ICU survivors). The crude odds ratios and 95% confidence intervals were adjusted for potential confounding variables: gender, age, and severity of illness (measured using the APACHE II score). A further multivariable model was used to identify independent predictors of hospital mortality. All covariates found to be significant in the univariable analysis were included except APACHE II score. For each subgroup, multivariable analysis was performed twice, for the first 24 h of an admission (i.e. all patients) and secondly for those surviving into the second 24 h of an ICU admission. For length of stay, covariates with an odds ratio ,1 imply a trend towards a stay ,3 days on the ICU. Conversely for hospital mortality, covariates with an odds ratio .1 imply an increased chance of dying. For both univariable and multivariable analysis, differences were considered significant at P,0.05.
Results
During the study period, 275 patients more than 80 yr of age were identified as being admitted to the ICU after surgery. This represented 8.8% of all admissions during the 5 yr period. Eleven patients were excluded for being on the ICU for less than 0.2 days and did not generate an APACHE II score and nine admissions were recognized as being readmissions. Therefore, 255 patients were submitted for further analysis. The characteristics of the study population are summarized in Table 1 . The median age was 83.0 yr (IQR 81-86), 5.8% were more than 90 yr of age. Sixty per cent of admissions followed an emergency operation. There were 137 (53.7%) laparotomies, 54 (21.2%) For those surviving ICU (n¼203), a univariate analysis was performed against length of stay on ICU, divided into above or below 3 days. Significant predictors of a stay on ICU for more than 3 days (after adjustment for age, sex, and severity of illness) included urgency of surgery (adjOR 0.42; 95% CI, 0.21 -0.83; P¼0.01), use of ventilation on day 1 of an ICU admission (adjOR 0.41; 95% CI, 0.23 -0.83; P¼0.01), use of ventilation on day 2 of an ICU admission (adjOR 0.18; 95% CI, 0.08 -0.41; P,0.001), use of i.v. vasoactive drugs on day 1 of an ICU admission (adjOR) 0.13; 95% CI, 0.06-0.27; P,0.001), use of i.v. vasoactive drugs on day 2 of an ICU admission (adjOR 0.1; 95% CI, 0.04 -0.22; P,0.001).
A multivariate analysis using logistic regression was used to evaluate the independent role of each covariate in hospital mortality. Multivariate analysis was conducted on all patients included in the study followed by a further three subgroups: after elective surgery, emergency surgery, and emergency laparotomy. All covariates included in the univariate analysis were submitted to multivariate analysis except APACHE II score because of co-linearity with some of the other covariates. The results of the multivariate analysis are shown in Tables 2 -5 .
For all the patients in the study, those who received i.v. vasoactive drugs within the first 24 h on ICU had a 4.3-fold increased mortality (OR 4.29; 95% CI, 2.35-7.84; P,0.001).
Patients who received vasoactive drugs on day 2 had a 3.6-fold increase in mortality (OR 3.63; 95% CI, 1.58-8.37; P,0.01). Patients who received ventilation extending into the second 24 h on ICU had a two-fold increase in mortality (OR 2.1; 95% CI, 0.94-4.7), which was just outside our limit of statistical significance (P¼0.07).
After an elective operation, patients who received i.v. vasoactive drugs within the first 24 h on ICU had a 5.8-fold increase rate of death (OR 5.8; 95% CI, 1.86-18.10; P¼0.002); for those who received ventilation on the second day of ICU mortality increased 6.9-fold (OR 6.88; 95% CI, 1.5-45.06; P¼0.04).
After an emergency operation, patients who received i.v. vasoactive drugs within the first 24 h on ICU had a four-fold increased mortality rate (OR 4.06; 95% CI, 1.93 -8.53; P,0.001). Those who received vasoactive drugs on the second day of ICU had a four-fold increase in mortality (OR 3.96; 95% CI, 1.53 -10.21; P¼0.004).
Finally, after an emergency laparotomy, patients who received i.v. vasoactive drugs within the first 24 h on ICU were 3.9 times more likely to die (OR 3.85; 95% CI, 1.64 -9.02; P¼0.002). No significant prognostic factors were determined by the model on day 2.
Discussion
This study has shown a consistent association between the requirement of i.v. vasoactive drugs in the first 48 h and mortality. The use of i.v. vasoactive drugs in the first two 24 h periods after admission was associated with a 3.6 to 5.8-fold increase in the likelihood of dying, depending on the urgency of the surgery. Ventilation extending into the second 24 h was generally associated with an increase in mortality and after elective operations, a 6.9-fold increase in the risk of death. Notably, the use of ventilation in the first 24 h after admission was not associated with increased mortality. Length of stay beyond 3 days was associated with urgency of surgery, use of i.v. vasoactive drugs, and ventilation in the first two 24 h periods.
Nowhere in these analyses did we find an association between increasing age and mortality. This confirms the previous studies on the critically ill elderly that age per se is not a strong predictor of death on ICU. Over the last decade, there has been increasing numbers of studies focusing on the outcome of the elderly admitted to ICU. Mortality rates have been found to be high. However, many studies have shown that the severity of illness rather than age itself is the strongest predictor of death. Chelluri and colleagues made a comparison between 54 patients aged 75 yr and older and 43 patients aged between 65 and 74 yr admitted to a mixed ICU. Long-term survival was similar between the two age groups but differed significantly between those with low and those with high APACHE II scores. 8 Another similar study by Wu and colleagues compared 130 patients aged 75 yr and older and those aged between 55 and 65 yr, admitted over a 30 month period to a medical ICU. Using logistic regression, the risk of dying was associated with a modified APACHE II score; increased age did not predict mortality. 9 A longitudinal study conducted by Kass and colleagues followed patients over the age of 85 yr admitted to a mixed ICU. In that study, age was not associated with mortality, instead severity of illness determined by the number of organs failing was significantly associated with outcome at: ICU discharge, 30 day post-hospital discharge, and 1 yr. In patients with more than two organ system failure, there was 100% mortality at 1 yr. 10 Severity of illness predicting death more accurately than age applies also to subgroups of patients on ICU. Shabot and colleagues evaluated 1039 trauma patients admitted to a surgical ICU, of which 9.5% were more than 65 yr of age. Age was a poor determinant of survival whereas Injury Severity Score (ISS), Trauma Score (TS), and the Simplified Acute Physiology Score (SAPS) were good determinants of survival.
11
Few studies have concentrated specifically on the outcomes after surgery. Stephan and colleagues investigated the outcome of patients on a surgical ICU. They included 106 patients more than the age of 75 and found an ICU mortality of 31.0% and a hospital mortality of 42.4%. 13 Using a multivariate model, hospital mortality was associated with an ICU-acquired nosocomial infection, mechanical ventilation for more than 24 h, modified APACHE II score, duration of preoperative hospitalization, and underlying disease. Similarly, 140 patients more than the age of 90 were studied by Margulies and colleagues. 14 ICU mortality was found to be 4.3% and hospital mortality 17.1%. Udekwas and colleagues evaluated 672 patients aged 70 yr or older admitted to a surgical ICU. The study included 65.5% of elective cases and 50.7% of vascular surgical patients. Hospital mortality was 12.1% and was found to be associated with increasing age, severity of illness, and length of stay. 15 In patients older than 85 yr of age, Yosylius and colleagues found an ICU and hospital mortality of 29% and 45%, respectively. Although this was a mixed ICU population, 73% were admitted after an operation. Independent factors associated with mortality were: impaired level of consciousness, infection on admission, ICU-acquired infection, and severity of illness. 16 The gross variations in survival between the studies are explained by their heterogeneity. The studies differed in age criteria, severity of illness, types of operations, and country of origin.
Our study has limitations. First, it is an observational study and therefore there is potential error from unmeasured confounding factors. Secondly, it is assumed in our study that patients who received vasoactive drugs or ventilation 'required it'. As this study is retrospective, the study can have had no influence on decisions to use these interventions and it is likely that the decision to use or not use these interventions is similar in both groups. Thirdly, our subgroup analysis is inevitably of smaller groups and fewer variables appear significantly associated with poorer outcome. Larger studies of these subgroups may be indicated. Lastly, the sickest patients may be subject to a self-fulfilling prophecy in that treatment is withdrawn before the full duration of the disease process. We did not measure the number of patients who had their treatment withdrawn before death. However, our results suggest that increased intervention (rather than withdrawal of such treatment) on days 1 and 2 after admission is associated with increased length of stay and mortality. The strength of the study lies in the external validation. The Royal United Hospital is a large general hospital and performs general surgical, orthopaedic, vascular, urological, and gynaecological operations. Similar cohorts of patients are admitted to many other hospitals across the UK.
In conclusion, this study found that for patients aged 80 and more, admitted to ICU after surgery the strongest association with mortality was the use of i.v. vasoactive drugs during both of their first 2 days on ICU. Length of stay on ICU increased after emergency surgery and in patients who received i.v. vasoactive drugs and ventilation on both the first and second days of admission. After elective operations, ventilation beyond the first 24 h was also a significant predictor of death. 
